Abstract. This paper tries to identify the characters which might affect interprovincial migrants' decisions and examine how and why the influence of these characters changes over time individually and synthetically in China during . We have investigated six kinds of factors, including distance, population density, income, unemployment rate, house price, and migration stock. In addition, we apply the identified factors with a multiple stepwise regression model to a longitudinal dataset, which consists of the interprovincial migration flows over last two decades in China. It is found that different factors have disparate impacts on migration in China, and they can be decomposed into push force in origin area and pull force in destination area. Factors shaping China's interprovincial migration have shifted from traditional factors such as distance to economic factors such as income and unemployment rate. This paper suggests that more attention should be paid to obtain detailed migration data with spatial information and develop applicable models for migration processes. Our analysis provides references for development planners and policy-makers to develop sound population policies to achieve regional sustainable development in China.
Introduction
The large-scale inter-regional migration has been one of the most profound changes in China due to the economic transition in late 1970s and relaxation of migration control during 1950s [1] . According to China's 2005 1% Sample Survey data, there were more than 147 million migrants, of which 47.79 million are interprovincial migrants (see Table 1 ). Internal migration is one of the key factors determining the spatial distribution of the population in China. Although the importance of internal migration and their dramatic economic and social consequences for regional development have received increasing attention from both researchers and policy makers at all levels, our understanding of internal migration in China is still rather limited. Taking the case of interprovincial migration in China in the period 1985-1990, 1990-1995, 1995-2000, and 2000-2005 , this paper attempts to contribute to the literature on internal migration.
In addition, migration flows to the much more developed regions have accelerated in China, and economic reasons for migration have taken the place of government-dominant when the individual makes the migration decision, which has brought new circumstances that are similar to those assumed by gravity models, the most widely used models to estimate migration flows. Many empirical studies have proved that gravity model provides a good fit to migration flows [2, 3] ; meanwhile, numerous modified versions of the gravity model, via adding constraints [4, 5] or variables that represent the socioeconomic conditions of the origin and the destination, such as income, employment, education, and migration stock [6, 7] have improved even more accuracy and theoretical basis of the models by addressing the causes of migration and the many considerations in the decision-making process of migrants [8] . Due to the low mobility until recent decades and lack of detailed and accurate data of migration in China, study of interprovincial migration lags behind many other nations, and most of them use a descriptive approach so that they are limited in their theoretical contribution. Considerable researches have focused on studying net migration rates, and tried to find out the overall directions in which people are moving, and the causes of these movements [9] . Although some studies have tried to employ conventional migration models such as gravity model to estimate the impacts of determinants on interprovincial migration in China [10] [11] [12] due to the new circumstances for population movements after the reforms and availability of systematic and national-level data on migration in China after the 1980s, few research has focused on distinguishing between push and pull factors resulting in migration, and changes of interior mechanism and exterior modality of migration with various Chinese-specific policies over time. Moreover, selection and quantization of variables changes largely along with the study areas and period.
Using the panel data from China's 1990, 2000 censuses and 1995, 2005 1% sample survey data, we examine the factors affecting interprovincial migration patterns in China. In addition, we model the inter-province directional migration to capture the impact of the most significant factors such as distance, differential economic, social conditions and some other heterogeneity between provinces with the consideration of Chinese characteristics. Moreover, we seek to figure out how they change with regions and over time.
The paper is organized as follows: in the next section we present the data, methodology, and determinant variables. Section 3 conducts main empirical results. Finally, we conclude by summarizing the findings and their theoretical and methodological implications.
Data, Methodology, and Determinant variables

Data
The migration data set used in this paper are obtained from the 1990 National Population Census, 1995 National 1% Population Sample Survey, 2000 National Population Census and 2005 National 1% Sample Survey, respectively. The former two cover all the 30 provincial-level jurisdictions in China from 1985 to 1995 (including 5 autonomous regions and 3 cities directly under the central government); the latter two covers all 31 provincial-level jurisdictions in China from 1995 to 2005 (including 5 autonomous regions and 4 cities directly under the central government, because in 1996 Chongqing was upgraded from a city in Sichuan into a centrally administered municipality). In order to facilitate the comparison among the four data sets in the empirical study, Chongqing is combined with Sichuan for all data sets and Tibet is removed because its in-migration data are absent in the 1990 census. In addition, the term "province" is used to refer to all types of provincial-level units for the sake of simplicity. Other data gathered from relevant statistical yearbook and surveys of China in past years will be detailed in the next section.
In this paper, we captured the number of migrants based on the question that "the current place of residence on the date of enumeration was different from their permanent residence 5 year ago'' in a province-level, and the current place of residence was considered as the usual residence of the migrants if they had left their place of household registration for more than one year. For interprovincial migrants, their origin and destination province were identified. Based on the way we captured the interprovincial migration volume from the four enumerations (1990, 1995, 2000 , and 2005), we can study five-year migration flows for the four census and survey periods. Excluded diagonal elements from the analyses lead to a 29 × 28 matrix and 812 differences for each period. 
Methodology
The above section gives an overall picture of interprovincial migration, now we turn to models based on the 'gravity model' which is very common in the migration literature [13] . The gravity model is similar to Newton's law of universal gravity: the number of people M ij , migrating from region i to region j is positive with the size of each region's population P i , P j , and negative with the distance between two regions (D ij ):
where G is a constant, and parameters α 1 , α 2 , α 3 , δ are to be estimated. However, the basic gravity model as stated above is certainly incomplete. The weakness is largely due to the model focusing on macro-level forces rather than micro-level reasoning. Regions differ in terms of economic development, cultural and policy systems, especially during the economic transition period in China. Thus, the basic gravity model of migration is generalized as follows:
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where X i , X j are the distinct push and pull factors in origin and destination regions, respectively, which will be detailed below. In addition, the Eq.3 can be linearized as the equation below in order to estimate the parameters of interest:
where α 0 =lnG and β=-δ. Moreover, migration is a complex social phenomenon, which is absolutely not the outcome of single factors, that is to say, migration results from multi-factors synthetically and simultaneously. Therefore, for the purpose of figuring out the disparate impacts of different determinants on migration in different areas, the following modified version of gravity models in China will be estimated:
where K is the total number of variables representing the origin and destination socio-economic development. MS ij is the migration stock between two regions, which is confirmed to be one of the key predictors of migration in China by some studies [10, 12] and γ is the parameter to be estimated.
By the same token, we linearized the Eq. 5 into:
All the above parameters will be estimated by using Ordinary Least Squares in this paper. Furthermore, we employ the multiple stepwise regression method to get the quantitative relationships between M ij and the indices which will be mentioned in the coming section during the period of 1985-1990, 1990-1995, 1995-2000 , and 2000-2005.
Determinants variables
In essence, migration is migrants' response to spatial discrepancy between origin and destination provinces, which may be shaped by natural, economic, social, cultural, and many other factors jointly. The forces affecting the migration flow from origin i to destination j are broken down into 'pull' and 'push' forces, which can be further sub-divided [14] . Pull or attraction forces may be either retention or attraction forces, which are usually understood as follows: if retention forces are operating in a given region i, then an increase in the value of any of the independent variables associated with these forces can be seen as the increase in the attractiveness of this region, thus the migration flow M ij decreases. On the other hand, if attraction forces are operating in a given region j, migration flows M ij tends to increase, correspondingly. Similarly, push or emission forces may be either expulsion or repulsion forces. If expulsion forces are operating in a given region i, an increase in the value of any of the independent variables associated with these forces decreases the desirability of residence in this region, thus inducing a rise in migration flow M ij . On the other hand, if repulsion forces are operating in a given region j, then migration flow M ij tends to decrease.
Here, the distance (D ij ), population size (P i ; P j ), income (Inc i ; Inc j ), unemployment rate (UER i ; UER j ), house price (HP i ; HP j ) and migration stock (MS ij ) were used as the determine variables to analyse the interprovincial migration in China. The measurement and theoretical role of the determinant variables included in Eq.5 as well as their definitions and notations are listed in Table 2 . All variables are measured by the means of each five years: 1985-1990, 1990-1995, 1995-2000, and 2000-2005 , according to the census data. It should be mentioned, though, that by no means we intend to develop a 'complete' or 'comprehensive model' of interprovincial migration in China, even if it were possible. We only seek to explore if some widely-accepted notions about migration are relevant to understanding the case of China and to what extent the internal migration depends on current economic performance and other factors.
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Empirical Results
Using the above descriptive information as a guide and the gravity approach with stepwise regression method as a framework, we analysis the 812 interprovincial migration flows in the four periods. Table 3 shows the results of the correlation coefficients between M ij and six kinds of the chosen variables in four periods respectively. Based on the values of the Pearson correlation coefficient between M ij and the values of six kinds of variables, our results confirm that M ij was significantly correlated with all indicators we selected in the four periods except UER j , HP i , HP j in 1985-1990 and HP i in 1990-1995, which implies that the house price of both origin and destination provinces and the unemployment rate of destination provinces were not the key variables with regard to M ij in [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] , and the house price of destination were not so important when explaining M ij in 1990-1995, either. Table 4 shows the results of the final step of the stepwise multiple regression analysis between M ij and the chosen six kinds of variables for the four periods. The standardized regression coefficients indicate that distance is surely a major deterrent to migration in the period of 1985-1990, 1990-1995 and 1995-2000 , and distance is the most important variable for the 1985-1990 period. However, the effect and importance of distance declined over time, and it was not selected by stepwise regression method for 2000-2005 period, suggesting the friction of distance has been weakening as time goes on, which might be due to the improvement of transportation and people can easily obtain the information of destination via various medias. (2) Population Size (P i ; P j )
The results reveal that the population density produces two 'opposing' effects. The positive value of the origin province has a push effect, which might indicate that expulsion forces are at work. A higher population density in origin province might accompany with shortage of resources and job opportunities, or severer competition, which expulses more migrants to move out. Moreover, the importance and impact of P i on migration increased gradually over time. Whereas the positive value in destination provinces indicates an increasing attraction effect, namely, high population density in destination provinces produces cluster effect to pull more migrants. However, the attraction force descended over time and was not selected for the last study periods. In addition, the origin population size exerts a stronger push to migrants but the pull from the destination population size is relatively weak, suffice it to say that, the push force of origin population is greater than the pull force of origin population in determining migration flow in China. 
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The income is found to be significant in explaining the migration patterns in China, especially after the 1990s. The results suggest that income has a push effect in the origin province, and an attractive effect in the destination province. In other words, the lower the Inc i , the more migrants moving out; the higher the Inc j , the more migrants moving in. It is also shown that the significance of Inc i increased continuously over time; however the significance of Inc j rose in the first three periods and declined for the 2000-2005 period. In addition, the attraction effect of destination income is larger than the push effect of origin income, which indicates that the pull force of destination income is the dominant factor for shaping China's migration pattern during 1985-2005. We can see from Table 4 that the D-value between the correlation coefficients of origin and destination income became larger during the first three periods, revealing the development gaping process between rich and poor after the reform and open-door policy of 'let some people and some regions get rich first' since the late 1970s. It is the high income of destination, to be more precisely the income disparity between regions, that provides impetus to migration and makes the migrants swarm from the less developed regions especially the western and central China into the more developed ones with high income expectation, which was nicely confirmed by the rural labor tide phenomenon to the developed coastal areas a couple of years ago (Zhou, 2005). However, for the sake of narrowing the gap between the rich and the poor, Chinese government has introduced a series of supportive policies to stimulate central and western development since the end of 1999, for instance China's Western Development Program and Rise of Central China. Indeed, from the result of the 2000-2005 period, we can see that the policies have worked indeed, for the push effect became smaller due to the rapid income growth of less developed region and the so-called high salaries of destination area are no longer able to attract in-migrants as before, which can be extrapolated from the emergence of rural labor shortage in many coastal areas. (4) Unemployment Rate (UER i , UER j ) Table 4 indicates that unemployment has a forceful expulsion effect in the origin province, and a not so strong repulsion effect in the destination province. The UER i is found to be significant in explaining the migration pattern in China during 1985-2005, but the UER j was not so important in the first periods, which is consistent with our prior expectations-it is the rural surplus labor forces that compose the major part of current China's migrants. The higher unemployment rate of origin province, the more out-migrants, and the effect has been more remarkable over time. In Table 4 , during 1985-1990, the effect of house price on migration is not so significant. But great changes have taken place after then, the influence of real estate on migration greatly increased just as we expected above, especially the house price of destination has a positive strong pull force for migrants. This might because the rising house price predicates the development of real state industry on one hand and increasingly improvement of urban living conditions on the other hand to satisfy the growing demand for urban residents. Moreover, some policies we mentioned before, for instance, gaining hukou via buying house in selected small cities or towns and drawing talent migrants in large cities such as Beijing, Shanghai, Guangzhou etc., did play a certain role in shaping interprovincial migration of China after the 1990s. Actually, house price at different stages has distinct impact on migration, while high price of housing will impel migration decision-making. We suppose that when there were no much more job opportunities and the population density reached to certain extent, the house price would rise to a much higher level, then it will play an expulsion role to in-migration and promoting role to out-migration. Although we can not see this occurs during our study period, the emergence of "ant tribe" and "white-collar returning tide" in some big cities like Beijing lately could absolutely corroborate our assumption.
Due to the lack of migration stock data for the 1985-1990 period, this variable was chosen for just the last three periods. As we can see from Table 4 that a positive sign is attached to the coefficient of migration stock, that is to say, large migration stock is more likely to produce additional moves. Moreover, adding MS ij variable results in a great increase in the adjusted R 2 . The results also show that previous migrants have the largest positive impact on the latter ones and this kind of impact is significant during study period, which is essentially the path dependence effect, mainly because most peasant migrants rely on social networks.
Discussion
This study explores the importance of various factors that can influence the individual migration decision-making process, which provides a promising way to build agent-based models such as CA for wide applications in various interdisciplinary research areas [15] [16] [17] . Our results show that different factors have had disparate impacts on migration in China during 1985-2005. These factors can be decomposed into push force in origin area and pull force in destination area. Due to rapid urbanization and industrialization in China, the influences of these factors on migration have experienced a dramatic change during 1985-2005, which implies that the factors individuals take into account in their migration decision-making processes have changed. This analysis helps to provide a theoretical basis for developing agent-based models in migration research.
The hukou system is a particular institutional and cultural factor affecting the decision-making process of individuals. Most variables chosen in this study are in relation to the hukou system; however, it is still difficult to quantitatively assess the influence of hukou system on migration. Based on a stepwise regression method, the influences of six factors including distance, population density, income, unemployment rate, house price, and migration stock were quantitatively assessed. Despite the quantitative assessment of impacts of these factors on migration, how to well quantize those institutional and cultural factors such as hukou system is still an open issue for formulating migration projection in the future.
By analyzing the impacts of six factors on migration, the mechanism determining China's interprovincial migration patterns was identified. Economic factors such as income, unemployment rate have had the most significant impacts on migration in China with the growing influence, while the impact of distance on migration has weakened gradually due to rapid development of transportation and communication tools. Currently, China is in transition period and experiencing rapid rural and urban development, and sound population policies are significant to achieve sustainable regional development. This study explores the potential factors that might help make corresponding population policies for China, and also provides evidences for other developing countries with similar situation.
Due to the lack of detailed data of migration, the mechanism with more detailed age-group or occupation-group migration is beyond the scope of this paper. This issue will be the focus of further research and can explain the mechanism of migration in micro-perspectives. In the future, more attention should be focused on how to obtain detailed migration data with spatial information and develop applicable models for migration processes. This attention will facilitate the in-depth research for the mechanism of migration processes, especially the decision-making processes of individuals with different ages and occupations.
Conclusion
In this paper, we study the patterns and changes of interprovincial migration during 1985-2005 in China by using data from China's 1990 and 2000 censuses as well as 1995 and 2005 1% Sample Survey. Based on gravity method of empirical analysis, we try to identify the characteristics which might affect migrants' decisions and examine how and why the influence of these characters changes over time in China during 1985-2005. We: (1) focus on spatial-temporal characteristics of interprovincial migration flow in China; (2) analyse different impacts of some wide-accepted factors on migration respectively in Chinese case; (3) apply the identified factors with a gravity model to a longitudinal dataset, which consist of the migration flows over last two decades.
The major findings of our study are as follows: (1) different factors have disparate impacts on migration in China, however, they can be decomposed into push force in origin area and pull force in
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Sustainable Development of Industry and Economy destination area; (2) economic factors such as income, unemployment rate have the most significant impacts on migration in China with the growing influence; (3) the importance of social-cultural factors such as migration stock is smaller than that of economic factors and declines over time; (4) as a result of rapid development of transportation and communication tools, the impact of distance on migration weakened gradually; (5) generally speaking, the push forces are larger than pull forces for Chinese migration. It is concluded that factors shaping China's interprovincial migration have shifted from traditional factors such as distance to economic factors such as income and unemployment rate. Given the mechanism of migration processes for China's interprovincial migration, sound population polices need to be made to achieve regional sustainable development.
